Abstract In this study, the response surface methodology was utilized to determine optimum conditions for extracting the polysaccharides from Rosa roxburghii Tratt fruit (RRTPs) using ultrasonic-assisted extraction, and the characterization and antioxidant activities of the RRTPs were discussed. RRTPs yield was 6.59 ± 1.34%, which was well consistent with the predicted value of 6.716%, under the following optimum conditions: ratio of water to raw material 40.18 mL/g, extraction temperature 78.8°C, ultrasonic power 148 W, and extraction time 32.8 min. The monosaccharide composition analysis indicated that RRTPs were composed of mannose (Man), rhamnose (Rha), glucuronic acid (GlcA), galacturonic acid (GalA), glucose (Glc), galactose (Gal), arabinose (Ara) and xylose (Xyl). The molecular weight distribution analysis showed that RRTPs had four main components with molecular weights of 332.56, 183.96, 11.92 and 5.95 kDa, respectively. In vitro antioxidant studies revealed RRTPs exhibited significant antioxidant potential on hydroxyl, superoxide and DPPH radicals. In addition, antioxidant assays in vivo demonstrated that RRTPs can significantly increase the superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT) activities, and total antioxidant capacity (TAOC) to some extent, as well as decrease the level of malondialdehyde (MDA) in both serum and liver of D-Gal aging-induced mice. These data suggested that RRTPs could be a potential candidate of natural antioxidants for applications in functional food, pharmaceuticals or cosmetic industries. In summary, this work provided an effective method for the exploitation and utilization of value-added R. roxburghii Tratt fruit which would be useful to fully utilize this resource.
Introduction
Chestnut rose (Rosa roxburghii Tratt, RRT), also named as Chinquapin rose or Burr rose, is a wild fruit crop distributed in the provinces of northwest, central-south and southwest China (Xu et al. 2004) . As a kind of heliophilous, deciduous shrub species, RRT mainly grows at a high altitude of 1000-1600 m in hilly mountain areas. It is proved that RRT has strong environmental adaptation which can grow on poor, compacted and sandy soil, and resist common diseases. It grows into a large shrub with small light green attractive foliage, and carnation-like roses in spring. The fruit of RRT has been used as traditional Chinese medicines for the treatment of cancer, immunity, aging, atherosclerosis, stress etc. (Chen et al. 2014; Hirose et al. 1981 ). Furthermore, current research has shown that its fruit has superoxide dismutase activity, and senescenceretarding and anti-tumor effects (Ma et al. 1997; Wen et al. 2007 ). Due to that mentioned above, it could be important to exploit and utilize this fruit as a potential biomass material.
Polysaccharides, widely existing in many fruits, have become an important type of bioactive natural products in recent years owing to their various biological activities such as antioxidation , anticoagulation (Cai et al. 2013) , anti-hypoglycemic (Teng et al. 2013) , anti-injury (Shi et al. 2005) , anti-tumor , anti-inflammatory (Chen et al. 2012 ) and anti-fatigue activities (Tan et al. 2012) . Recently, a variety of extraction technologies have been developed and employed to improve the extracting of polysaccharides from various sources, including supercritical fluid extraction (Wang and Weller 2006) , solvent extraction (Cui et al. 2014) , enzyme-assisted extraction (Liao et al. 2015) , cellulose-assisted extraction (Zhu et al. 2016) , infrared-assisted extraction (Qu et al. 2016) , microwaveassisted extraction (Zhao et al. 2013) , and ultrasonic-assisted extraction . However less work on extraction of polysaccharides from RRT fruit as well as its characterization and has been done. In this work, RRT fruit from hilly mountain areas of Guizhou Province has been used.
In terms of extraction technique of polysaccharides, conventional extraction techniques, including immersion, boiling, refluxing, or heating, generally require longer time, more solvent and higher temperature, with lower yield of the polysaccharides or even decrease of some of their pharmacological activities (Bagherian et al. 2011) . As a kind of efficient extraction technique of polysaccharides from various biomaterials, ultrasonic-assisted extraction (UAE) can reduce solvent consumption, save time, and reduce damage to the structural and molecular properties of bioactive compound, while increases the yield of extracts (Teng and Choi 2014) , which has been commonly applied to polysaccharide extractions from different materials in recent years ). Thus, UAE was used to extract R. roxburghii Tratt fruit polysaccharides (RRTPs).
As an effective statistical and mathematical tool for optimizing experimental processes, response surface methodology (RSM) has been widely used to improve and optimize the polysaccharide extraction processes by many investigators . In this study, the BoxBehnken design (BBD), a popular form of RSM, was introduced to optimize the extraction conditions of RRTPs using the UAE. The physicochemical properties of the extracted RRTPs including the monosaccharide composition and the molecular weight, and its antioxidant activities in vitro and in vivo were also estimated so as to supply the useful information for possible application of RRT fruit.
Materials and chemicals
Ripe fruits were picked from wild growing R. roxburghii plants in the Longli County, Guizhou Province in September, 2014. The samples were first air-dried at 50°C then ground to a fine powder in a domestic mill, sieved using 60 mesh sieve (60 mesh sieve was determined based on the preliminary studies), and stored at room temperature in glass desiccators until use.
Bovine serum albumin (BSA), ascorbic acid, L-rhamnose (Rha), D-mannose (Man), L-arabinose (Ara), D-galactose (Gal), D-glucose (Glc), D-xylose (Xyl), D-galacturonic acid (GalA), D-glucuronic acid (GlcA), and trifluoroacetic acid (TFA), D-1-phenyl-3-methyl-5-pyrazolone (PMP) and 1,1-diphenyl-2-picrylhydrazyl (DPPH), were obtained from Sigma Chemical Co. (St. Louis, MO, USA). Dialysis tube (molecular weight cut-off, 3000 Da) was purchased from Spectrumlabs Co. (USA). Other chemicals were analytical grade.
Extraction of RRTPs using UAE technique
About 20.0 g of the dried RRT fruit powder was refluxed with petroleum ether (boiling point range 30-60°C) for 4 h and immersed in 90% ethanol at room temperature twice (each for 4 h) to remove colored ingredients, lipids, monosaccharides, and other small molecule impurities. The pretreated residues were filtrated and air-dried at 40°C to get pretreated RRT fruit powder.
Under designed extraction temperature (40-90°C), time (10-50 min), ultrasonic power (60-220 W) and water to the raw material ratio (10-50 mL/g), a total of 10 g of pretreated dry powder was introduced into distilled water in a 500 mL conical flask then subjected to extraction using a 40 kHz ultrasonic processor (VS-65UE, Wuxi Woxin instrument Co., Ltd., China). After extraction by UAE method, the extracted slurry was centrifuged (4000 r/min, 10 min). The insoluble residues were re-extracted and recentrifuged under designed extraction as mentioned above to recover the residual polysaccharides. Then, the collected supernatants were pooled together and concentrated to a fourth of the original volume using a rotary evaporator (R-215, Buchi, Switzerland) at 50°C under reduced pressure. The concentrated solution was precipitated using four-fold volumes of ethanol (80% v/v final ethanol concentration) overnight at 4°C. After centrifugation at 4000 r/min for 15 min, the precipitate was deproteinated according to the Sevage method (Sevag et al. 1938) , washed with pure ethanol (99%), redissolved in distilled water and intensively dialyzed for 3 days. The extracts were centrifuged (4000 r/min, 15 min) and finally lyophilized in vacuum freeze dryer to obtain the dried RRTPs. The polysaccharide extraction yield (%) from this extraction was calculated following the equation:
Yieldð%; w/wÞ¼ Weightof driedRRTPsðgÞ Weightof pretreatedRRTfruitpowderðgÞ Â 100
ð1Þ
Experimental design of BBD According to the results of single factor experiment, the preliminary range of the extraction variables including X 1 (water to raw material ratio), X 2 (extraction temperature), X 3 (ultrasound power), and X 4 (extraction time) was determined, whereas the extraction yield of RRTPs was the dependent variable. Then, a four-factor, three-level BBD was applied to construct model building and optimize the extraction parameters for the yield of RRTPs. Each independent variable had the low, middle, and high levels which were coded as -1, 0, and 1, respectively. Twentynine experiments carried out at random with three replicates were shown in Table 1 . The experimental data were fitted to the following second-order polynomial mode:
where Y is the predicted response and b 0 represents the intercept term; b i , b ii and b ij are the regression coefficients for linearity, square, and interaction, respectively; X i and X j are the coded levels of independent variables (i 6 ¼ j). The terms X i X j and X 2 i represent the interaction and quadratic terms, respectively.
Control experiment
The conventional hot water extraction (HWE) was employed in a HH-6 water-bath (Guohua Wiring Company, Shanghai, China) at the optimal extraction condition: extraction temperature of 90°C, extraction time of 240 min, and water to raw material ratio of 40 mL/g based on the preliminary three-factor and three-level designed orthogonal optimal experiment.
Physicochemical properties of RRTPs
The carbohydrate content in RRTPs was determined by the phenol-sulfuric acid colorimetric method using D-glucose as standard (Dubois et al. 1956 ). Total uronic acid content was estimated by the reference method using galacturonic acid as the standard (Blunenkrantz and Asboe-Hansen 1973) . Protein content was determined according to the Bradford assay using BSA as a standard (Bradford 1976) .
Physicochemical properties of RRTPs were estimated using: Fehling's test (Schneider 1979) , phenol-sulfuric acid reaction (Dubois et al. 1956 ), a-naphthol reaction iodination reaction (Lee et al. 1994) , FeCl 3 reaction (Zhou 1978) . 
Monosaccharide composition of RRTPs
The RRTPs sample (10 mg) was completely hydrolyzed to monosaccharides with trifluoroacetic acid (4 M, 5 mL) in an oven at 120°C for 4 h. The hydrolysate was evaporated to dry under a stream of N 2 and then derivatized with 300 lL of 0.3 M NaOH and 300 lL of PMP solution (0.5 M, in methanol) for 60 min at 70°C. At last, the resulting mixtures were added to 300 lL of 0.3 M HCl solution to stop the reaction, and the resulting product was centrifuged for 10 min. The supernatants containing PMPlabeled derivatives were filtered through a 0.45 lm syringe filters and 20 lL of the final product was injected into a ZORBAX SB-C18 (4.6 9 250 mm, particle size 5 lm, Agilent, USA) capillary column at 30°C. The Shimadzu LC-2010A HPLC system equipped with a refractive index detector was used. The column mobile phase was 0.1 M KH 2 PO 4 (pH 10) with 73% (solution A) and 27% acetonitrile (solution B) in water. The flow rate was 1.0 mL/ min and the detector wavelength was 250 nm. The monosaccharide standards were PMP-labeled and determined by HPLC in the same way. Sugar identification was identified by their characteristic retention times. Man, Rha, GlcA, GalA, Glc, Gal, Ara and Xyl were used as the monosaccharide standards.
Molecular weight distribution of RRTPs
The molecular weight of RRTPs was determined by High performance size exclusion chromatography (HPSEC) on a Shimadzu LC-2010A HPLC system (Shimadzu Corporation, Japan) equipped with a Shodex SB-804 HQ column (300 9 8.0 mm, Showa Denko Corp., Japan) and an RID-10A refractive index detector. RRTPs (2.0 mg) were dissolved by 1.0 mL sodium nitrate (0.1 M) and loaded into the chromatography system (20 lL). The columns were maintained at 30°C and eluted with 0.1 M sodium nitrate at a flow rate of 0.9 mL/min. Standard dextrans (SigmaAldrich, St. Louis, MO, USA) with different molecular weights (180, 4600, 10,000, 21,100, 393,000 and 500,000 Da) were used as molecular mass markers. The molecular weight (Mw) of RRTPs was calculated by comparison with the calibration curve. The standard curve of log(Mw) against elution time (T) was:
Antioxidant activity analysis in vitro of RRTPs
At present the mechanisms of the antioxidant activity mainly focus on radical scavenging, prevention of chain initiation, reductive capacity, binding of transition metal ion catalysts, and decomposition of peroxides (Liu et al. 2007 ). In this study, the DPPH, hydroxyl and superoxide radical scavenging assay were used for determining antioxidant activity in vitro of RRTPs. The DPPH radical scavenging activity of RRTPs was measured according to the method described by Chen et al. (2012) . Briefly, 1.0 mL of DPPH solution (0.4 mM in ethanol) was mixed with 3.0 mL of the RRTPs at various concentrations. After mixing vigorously for 10 s, the mixture was allowed to incubate at 25°C for 30 min in the dark. The absorbance (Abs) of the samples was measured at 517 nm and the percentage of free radical scavenging activity was determined from the difference in the Abs between the control and the samples. Ascorbic acid was used as a positive control.
The Hydroxyl radical assay was performed by Fenton method (Dou et al. 2015) .
The superoxide radical scavenging activity was estimated as previously described , with minor modifications. Firstly, 2.0 mL of 0.05 M Tris-HCl buffer (pH 8.2) and 1.0 mL of the RRTPs at various concentrations were incubated at 25°C for 20 min. Thereafter, 0.4 mL of 1,2,3-phentriol (5 mM) was added and the reaction mixture was kept at 25°C for 4 min, and the rate of Abs change (A/min) of solution was measured at 325 nm. Ascorbic acid was used as a positive control. The ability of scavenging superoxide radical was evaluated employing the following equation:
where A i was the rate of Abs change of blank control group and A j was the rate of Abs change of the sample.
Antioxidant activity analysis in vivo of RRTPs

Animal grouping and treatment
Male Kunming mice (6-8 weeks old, body weight (BW) = 20 ± 2 g) of specific-pathogen free grade were provided by the Experimental Animal Center of Chongqing Medical University (Chongqing, China). During the entire experimental period, mice were housed individually in cages at 22-24°C temperature and 50-60% relative humidity with 12 h light per day, and allowed free access to tap water and standard diet. All animals' treatments were strictly performed in compliance with the prevailing Chinese legislation about the care and use of laboratory animals and all of the experiments were approved by the Animal Care and Use Committee of Southwest University (Experimental Animal License SCXK (Chongqing) 200120008). After 7 days of adaptation, the mice were randomly divided into seven groups (five mice per group): in RRTPs groups, mice were respectively treated with RRTPs at four different doses (100, 200, 400 and 800 mg/kg, BW per day) via gastric gavage and D-Gal (100 mg/kg BW per day) was hypodermically injected once daily; in negative control group (NCG), mice received 10 mL/kg BW per day physiological saline once daily by hypodermic injection and gastric gavage; in model control group (MCG), mice were hypodermically injected with 100 mg/kg BW per day D-Gal and gastric gavaged physiological saline (10 mL/kg BW per day) once daily; in positive control group (PCG), mice were gastric gavaged 100 mg/kg BW per day ascorbic acid and hypodermically injected D-Gal equally to the MCG once daily. All animals were carried out once daily for 6 consecutive weeks.
Biochemical assay
After overnight fasting, the mice were weighed and killed by cervical decapitation. The blood samples were collected from orbital sinus and immediately centrifuged at 40009g at 4°C for 10 min to obtain serum. The liver was excised, weighed, and immediately homogenized in phosphate buffer (4°C, 0.2 M, pH 7.4). The suspension was centrifuged at 10,0009g for 10 min at 4°C and the supernatant was collected for further biochemical analysis. The activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), and total antioxidant capacity (TAOC) and malondialdehyde (MDA) level of both blood serum and liver supernatant were detected with commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to the corresponding manuals.
Statistical analysis
The data were reported as the mean ± standard deviation (SD) of three measurements. Analysis of variance (ANOVA) was performed by Dunnett's multiple-range tests, where p \ 0.05 was regarded as statistically significant.
Results and discussion
Single factor effect on RRTPs extraction Figure 1a shows the effect of ratio of water to raw material on the yield of RRTPs when the three factors (extraction temperature, ultrasonic power, and extraction time) were fixed at 80°C, 100 W and 30 min, respectively. As shown in Fig. 1a , the extraction yield of RRTPs increased over the ratio of water to raw material range of 10-40 mL/g, and the highest value was obtained at 40 mL/g, beyond which it dropped. The driving force for the mass transfer of polysaccharide molecules between the interior plant cells and the exterior solvent could increase with the increment of the water to material ratio initially. But, as the ratio continued to increase, the distribution of ultrasonic energy density in the extraction solution decreased, resulting in the loss of production collection by hindering the dissolution of polysaccharides (Samavati and Manoochehrizadeh 2013) . Thus, the water to raw material ratio of 40 mL/g was adapted for the following experiments. Figure 1b shows the effect of extraction temperature on extraction yield at constant water to raw material ratio (30 mL/g), ultrasonic power (100 W), and extraction time (30 min). Figure 1b indicated that the extraction yield increased rapidly with the increasing temperature until 80°C and began to decline, and a maximum yield was observed at around 80°C. The decrease could be attributed to the degradation of polysaccharides at high temperature. This was in agreement with other study (Belhaj et al. 2017) . Accordingly, 80°C of extraction temperature was selected in the subsequent extraction procedure.
To study the effect of ultrasonic power on the extraction yield of RRTPs, the ultrasonic power was set at 60, 100, 140, 180, and 220 W, while the other factors were as follows: ratio of water to raw material of 30 mL/g, extraction temperature of 80°C, and extraction time of 30 min. As shown in Fig. 1c , the extraction yield increased as ultrasonic power increased from 60 to 140 W. However, when the ultrasonic power continuously increased, a significant decline in extraction yield was observed. It is well known that violent shock wave generated by ultrasound could rapidly disrupture the plant cells and release the inner contents into extraction solvent. However, high power could lead to the degradation of the structure of polysaccharides. Previous investigation has revealed the possibility of polysaccharides disassembly during the ultrasonic extraction (Tang et al. 2016) . Consequently, 140 W of ultrasonic power was selected for the study.
The extraction yield under different extraction time was evaluated with a ratio of water to raw material of 30 mL/g, an extraction temperature of 80°C, and an ultrasonic power of 100 W. The result reveal that the extraction yield increased at first and reached the highest value at 40 min, then decreased when the extraction time exceeded 40 min (Fig. 1d) . Although the extraction of polysaccharides could be favored for a long extraction time, the molecule structure of polysaccharides might be destroyed during the extension in the extraction time. The same results were reported for the ultrasonic-assisted extraction of polysaccharides from other species . Thus, the extraction time was controlled in the range of 40 min.
Optimization of UAE condition of RRTPs
The design matrix and corresponding BBD results were presented in Table 1 . The extraction yield of RRTPs Y (%) ranged from 3.89 to 6.74%, and obtained the maximum value as the ratio of water to raw material of 40 mL/g, at 80°C, 140 W, and a 40 min treatment time. The predicted model can be estimated through multiple regression analyses of the experimental data by the following equation:
The high model significance was confirmed by its F value (24.27) and p value (\ 0.0001). In addition, high value of R 2 (0.9604) and Adj-R 2 (0.9208) indicated that the quadratic model was statistically significant and adequate for describing the relationship between the observed and predicted values. The coefficient of the variation (C.V.) was a relatively low value (4.58%), which suggested that the polynomial model had a high degree of reliability and the experimental data were very reliable. Meanwhile, the lack of fit F value of 3.31 and p value of 0.1301 implied that it was insignificant relative to the pure error. The smaller is the value of P, the more significant is the corresponding coefficient. The linear coefficients (X 2 , X 3 and X 4 ), quadratic term coefficients (X 1 2 , X 2 2 , X 3 2 and X 4 2 ) and interaction coefficients (X 2 X 4 and X 3 X 4 ) had high significance due to their relatively small p values (p \ 0.05).
Using the software Design-Expert, the optimal values of independent variables and response variable for the proposed extraction were estimated. Based on the response surface plots and variance analysis, the maximum RRTPs yield and predicted yield were performed under the following conditions: extraction temperature 78.84°C, extraction time 32.81 min, ultrasonic power 148.01 W, and ratio of water to raw material 40.18 mL/g, and the maximum predicted extraction yield of 6.716%. Taking into Fig. 1 Effect of different extraction parameters on the yield of the extracted RRTPs. a Ratio of water to raw material (extraction temperature, ultrasonic power and extraction time were fixed at 80°C, 100 W and 30 min); b extraction temperature (raw material ratio, ultrasonic power and extraction time were fixed at 30 mL/g, 100 W and 30 min); c Ultrasonic power (raw material ratio, extraction temperature and extraction time were fixed at 30 mL/g, 80°C and 30 min); d extraction time (raw material ratio, extraction temperature and ultrasonic power were fixed at 30 mL/g, 80°C and 100 W). Values are the mean ± SD (n = 3). Different superscripts (a-e) indicate a significant difference (p \ 0.05) account practical considerations, the extraction process can be performed by using these modified conditions: extraction temperature 78.8°C, extraction time 32.8 min, ultrasonic power 148 W, and ratio of water to raw material 40.18 mL/g. Under these actual optimum extraction conditions, the mean yield of RRTPs was 6.59 ± 1.34% (n = 3), demonstrating that the model developed in the present study was accurate and adequate for evaluating the extraction process of RRTPs.
Comparison with HWE
In the control experiment, the yield of RRTPs obtained by HWE was 4.83 ± 0.56%. Under the optimal conditions of UAE, the RRTPs yield increased by 36.44% when compared to HWE. Furthermore, compared with HWE, UAE had a higher extraction efficiency of RRTPs with a shorter extraction time and at a lower extraction temperature.
Chemical characteristics of RRTPs
The variations in total sugar, protein and uronic acid contents, as well as the monosaccharide composition and physicochemical property of RRTPs were studied. RRTPs comprised 71.59 ± 5.22% neutral sugar, 1.02 ± 0.18% protein and 19.30 ± 1.76% uronic acid. The results obtained from the phenol-sulfuric acid test, Fehling's and a-naphthol reaction and iodination reaction indicated that RRTPs extracted by UAE consisted of non-reducibility polysaccharides but without starches.
The monosaccharide composition of RRTPs was presented in Fig. 2a, b . The HPLC analysis revealed that RRTPs extracted by UAE were composed of Man, Rha, GlcA, GalA, Glc, Gal, Ara, and Xyl at a molecular ratio of 2.64:5.13:2.71:1.20:6.69:8.01:1.00:1.55. The molecular weight distribution analysis showed that RRTPs included four main components with molecular weights of 332. 563, 183.963, 11.929 and 5.953 kDa, respectively, indicating that RRTPs were heterogeneous polysaccharides.
Antioxidant activity in vitro of RRTPs
It could be seen from Fig. 3a that the extracted RRTPs showed concentration-dependent scavenging activity of DPPH and good antioxidant capacity compared to the synthetic antioxidant; ascorbic acid. The DPPH scavenging effect increased with the increasing concentration up to 0.4 mg/mL. At the concentration of 0.4 mg/mL, the DPPH radical scavenging activities of RRTPs and ascorbic acid were 83.46 and 94.68%, respectively. The half-effective concentration (EC 50 ) value of RRTPs was no more than 0.1 mg/mL, even though the scavenging ability of RRTPs was not as strong as ascorbic acid at all experimental concentrations. This result indicated that RRTPs represent strong electron donors and could react with free radicals and terminate the radical chain reactions.
The scavenging activities of RRTPs and ascorbic acid against the hydroxyl radical, as shown in Fig. 3b , revealed the RRTPs had concentration-dependent manner and expressed strong hydroxyl radical scavenging ability. At concentrations ranging from 0.04 to 0.3 mg/mL, RRTPs had weaker activity than ascorbic acid, and then had stronger activity than that when the concentration exceeded 0.4 mg/mL. Notably, the scavenging effect of RRTPs was 79.68% at 0.6 mg/mL, while ascorbic acid showed 71.45%. This result suggested that RRTPs can be considered as a good scavenger of hydroxyl radical.
The obtained results (Fig. 3c) showed that the superoxide radical scavenging activity of RRTPs positive correlated with increasing concentrations. RRTPs exhibited strong radical scavenging activity under the experimental conditions, but at a level lower than that of ascorbic acid. The EC 50 values of RRTPs and ascorbic acid were 0.27 and 0.093 mg/mL, respectively. The maximum scavenging capability (66.37%) of RRTPs was reached 83.5% that of ascorbic acid at a dose of 0.6 mg/mL, suggesting that RRTPs had a noticeable effect on scavenging superoxide radical.
Antioxidant activity in vivo of RRTPs
In the present work, D-Gal was used to establish the aging model in mice for assessment of in vivo antioxidant activity of RRTPs. As displayed in Tables 2 and 3 , the aging model group (MCG) showed significant decreases in the activities of CAT, SOD, GSH-Px and TAOC in both the serum and liver as compared with the normal group (NCG), while the level of MDA in serum and liver from the MCG significantly increased compared to the NCG. These results suggested that the aging mice model was successfully established in our study.
In recent years, increasing evidence demonstrated that the development of aging was largely attributed to the cumulative damage caused by the generation of reactive oxygen species (ROS) in cells (Jing et al. 2016) . CAT, SOD and GSH-Px are the most important antioxidant enzymes to inhibit free radical formation and usually used as biomarkers to indicate ROS production. Results of RRTPs and ascorbic acid of CAT, SOD and GSH-Px in serum and liver of aging mice were shown in Tables 2 and 3. All four RRTPs groups and ascorbic acid treatment Fig. 3 Antioxidant activities of RRTPs in vitro. a DPPH radical scavenging activity, b hydroxyl radical scavenging activity, and c superoxide radical scavenging activity. Each value is the mean ± standard deviation (SD) of triplicate measurements group (PCG) could increase CAT, SOD and GSH-Px activity, both in serum and liver samples. Compared with MCG, RRTPs at the doses of 200, 400 or 800 mg/kg and PCG significantly enhanced the activities of these antioxidant enzyme activities. TAOC represents the ability of the non-enzymatic ROS defense system. As shown in Tables 2  and 3 , all RRTPs treated groups and PCG exhibited significantly increased TAOC activity both in the serum and liver of aging mice, indicating that the non-enzymatic antioxidant defense system of aging mice had been enhanced. As MDA is a naturally occurring product of lipid peroxidation, the level of MDA is an oxidative stress marker. As shown in Tables 2 and 3 , the levels of MDA in all RRTPs treated groups and PCG reduced significantly in both serum and liver, suggesting that the intake of RRTPs could resist lipid peroxidation in aging mice. These results further demonstrated that RRTPs displayed significantly antioxidant activity.
Conclusion
Maximal RRTPs yield was obtained using the optimized extraction conditions (water to raw material ratio of 40.18 mL/g, extraction temperature of 78.8°C, ultrasonic power of 148 W, and extraction time of 32.8 min). The experimental yield (6.59 ± 1.34%, n = 3) under these conditions corresponded fairly well to the predicted. The monosaccharide composition analysis indicated that RRTPs were composed of Man, Rha, GlcA, GalA, Glc, Gal, Ara and Xyl. The molecular weight distribution analysis showed that RRTPs had four main components with molecular weights of 332.563, 183.963, 11.929 and 5.953 kDa, respectively. RRTPs antioxidant activities and in vivo results showed that RRTPs could significantly enhance the activities of antioxidant enzymes (CAT, SOD, and GSH-Px), increase TAOC values, and reduce the MDA level in both serum and liver of D-Gal aging-induced mice. Table 2 Effects of RRTPs on the activities of CAT (U/mL), SOD (U/mL), GSH-Px (U/mL), TAOC (U/mL), and levels of MDA (nmol/mL) in serums of aging mice
